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Chronic obstructive pulmonary disease (COPD) is a pre-
ventable and treatable disease with some significant extra pul-
monary effects that may contribute to the severity in individual
patients. Its pulmonary component is characterized by airflow
limitation that is usually progressive, then partially reversible
and associated with an abnormal inflammatory response of
the lung to noxious particles or gases [1].
Patients with severe chronic obstructive pulmonary disease
(COPD) usually experience expiratory flow limitation (EFL)
during spontaneous breathing at rest, which reduces the effec-
tiveness of expiration and results in dynamic hyperinflation
with consequent dyspnea, which is one of the major complaints
of patients with COPD. In these patients, the consequences of
EFL are markedly increased during exercise, making it a good
predictor of dyspnea in COPD patients. Simple methods for
detecting EFL without perturbing normal breathing are of
clinical interest [2].
Now, there is an increased interest in the forced oscillation
technique (FOT) as a non-invasive method for detecting EFL
during spontaneous breathing. The FOT, which was proposedin the 1950, is based on applying a small-amplitude oscillation
pressure at the mouth. Using the FOT the patient’s respiratory
mechanics can be determined by simply recording the oscilla-
tory pressure and flow signals at the mouth [3].
In 1993, impulse oscillometry (IOS) was introduced as a
modification of the forced oscillation technique, by jaegers as
user friendly, commercialized apparatus offering measurement
of respiratory system resistance (Rrs) and reactance (Xrs) at a
number of frequencies. The approach of IOS differs from the
original FOT idea by applying a rectangular pressure impulse
rather than pseudo random pressure wave (being the sum of
several sinusoidal pressure waves) that offers the same advan-
tages with minimal requirement for the cooperation of the
patient and also with rapid, easy and reproducible measure-
ment [4].
The aim of our work is to study sensitivity of the impulse
oscillometry compared to spirometry in detection of airway
obstruction in chronic obstructive pulmonary disease (COPD)
patients. Also, to detect which frequency is more sensitive R5
or R20 for assessing airway resistance in COPD patients.
Subjects and methods
Subjects
This study was carried out on 80 COPD patients of varying
degree of severity who were either admitted to the chestbstruc-
2 H.A. Youssef et al.department or were coming to the outpatient clinic of Kobbry
El Kobba military hospitals. Twenty healthy non- smoker sub-
jects were included as a control group.
COPD patients were diagnosed and severity was classified
(based on post-bronchodilator FEV1) according to Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) 2014
[1].
The following subjects were excluded from the study:
COPD patients in exacerbations or patients with any systemic
disease affecting the chest.
All patients were subjected to full medical history, chest X-
ray and thorough clinical examination. Spirometry for staging
of COPD and impulse oscillometry at frequencies 5 HZ and
20 HZ for measuring airway resistance were performed for
COPD patients and the control subjects.
Spirometry and IOS measurement were performed using
Master-Lab IOS unit with built in program for measuring
spirometry (Masterscreen IOS 2011, Erich Jaeger GmbH,
Germany) according to the main principles of the European
Respiratory Society (ERS) Task Force recommendations [5].
This work was approved by the Ethics Committee of
the Faculty of Medicine, Cairo University and a written
informed consent was obtained from all subjects enrolled in
the study.
Spirometric measurements
FEV1, FVC, FEV1/FVC, maximum mid-expiratory flow
(MMEF) and maximum mid-expiratory flow 50 (MMEF50)
were measured using the Spirometry system (Masterscreen
2011, Erich Jaeger GMBH, Germany). Readings were per-
formed in triplicate, with the highest values recorded and
expressed as a percentage of the predicted value.
Obstructive pattern is identified by spirometry:
1. FEV1 below 80% predicted.
2. FVC can be normal or reduced (usually to a lesser degree
than FEV1).
3. FEV1/FVC ratio below 0.7 [6].IOS measurements
The actual values of respiratory resistance at 5 and 20 Hz (R5
and R20, respectively), and distal capacitive reactance at 5 Hz
(X5) were recorded.
Criteria of diagnosing ventilatory defect according to IOS;
According to AL-Mutairi et al. [7].
(1) Normal test:
a. The total respiratory resistance R5 and the proximal
respiratory resistance R20 are within the predicted
normal range of the subject (<150% predicted of
R5 and R20).
b. The resistance spectrum is independent of
frequency.
c. Distal capacitive reactance X5 is within the normal
range (>X5 predicted – 0.2 kpa/1/s).
d. Resonant frequency (fres)is within normal range of
predicted value of frequency at X = 0
(usually < 10 Hz).Please cite this article in press as: H.A. Youssef et al., Impulse oscillometry as an alter
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a. The total respiratory resistance R5 is higher than
150% predicted R5 and within the abnormal range.
b. The resistance spectrum is independent of frequency
and almost horizontal (proximal respiratory resis-
tance R20 is similar to total respiratory resistance
R5).
c. Distal capacitive reactance X5 is completely within
the normal range, as is the resonant frequency.
d. There is a large variability and increase in mean
value of impedance Z5 during tidal breathing.
(3) Peripheral obstruction:
a. The R5 is within the abnormal range (>150% pre-
dicted) and the R20 is considerably lower than R5.
b. The resistance spectrum is frequency dependent,
becoming less at higher at higher frequencies.
c. The X5 is reduced in the abnormal range and the
Fres is shifted to the right (to higher frequencies).
d. There is a large variability of impedance Z5 during
tidal Breathing, its mean value may be close to
normal.Statistical methods
Data were analyzed using SPSS (statistical package for social
sciences; SPSS Inc., Chicago, IL, USA) version 22 for Micro-
soft windows. Numerical data were presented as mean ± stan-
dard deviation SD. Categorical data were presented as
percentages. Number and percentages described qualitative
data and Chi-square or Fisher exact tested proportion inde-
pendence. For comparing mean values of 2 independent
groups, parametric and non-parametric t test were used. For
comparing means of more than two independent groups one
way ANOVA (analysis of variance) and Kruskal–Wallis
ANOVA were used. For comparing means of 2 dependent
groups, paired t-test and Mann–Whitney tests were used.
Probability (p–value) is always 2 tailed and is considered sig-
nificant at 0.05 level and highly significant if p-value < 0.001.
Results
Eighty COPD patients of varying degree of severity who were
either admitted to the chest department or coming to the out-
patient clinic of Kobbry El Kobba military hospitals. Twenty
healthy non- smoker subjects were included as a control group.
All COPD patients were males, with a mean age of 57.54
± 9.37 years, mean BMI 24.04 ± 2,78 kg/m2. Also, all control
subjects were males, with a mean age of 47. 45 ± 5.78 years,
mean BMI 25.16 ± 3.39 kg/m2. (Tables 1 and 2)
Comparison of the spirometric measures as regards the
mean of FEV1/FVC ratio, FVC (% predicted value), FEV1
(% predicated value), MMEF50 (% predicted value),
MMEF50 (% predicted value) showed no statistical difference
between the COPD patients and the control group (p-value
0.0655). (Fig. 1)
However, there was statistically significant difference
between the COPD patients and the control group as regards
the use of IOS parameters in assessing airway resistance (p-
value 0.035). (Fig. 2)native modality to the conventional pulmonary function tests in chronic obstruc-
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Table 1 Descriptive statistics for COPD cases.
Item Total Number of COPD patients Minimum Maximum Mean SD
Age, years 80 37 81 57.54 9.37
Smoking index 300 800 490.83 139.74
Dyspnea score 2 4 3.11 0.69
BMI, kg/m2 12.22 31.6 24.04 2.78
FVC (% pred) 25.4 106 62.35 20.07
FEV 1 (% pred) 20 93 47.95 17.79
FEV1/FVC 32.36 79 63.25 12.37
MMEF (% pred) 6.4 64 27.20 17.04
MMEF 50 (% pred) 2.2 65 27.72 18.12
R5 [kPal,s] 3.23 5526 344.12 131.63
R20 [kPal,s] 46.3 2793 191.50 97.19
X5 [kPal,s] 11,862 43,305 599.39 199.10
Table 2 Descriptive statistics for normal cases (control group).
Item Total Number Minimum Maximum Mean SD
Age, years 20 37 56 47.45 5.78
BMI, kg/m2 20.06 31.8 25.16 3.39
FVC (% pred) 78.8 96 86.54 5.07
FEV 1 (% pred) 79.7 97.5 89.88 4.66
FEV1/FVC 87.4 99.02 94.24 3.84
MMEF (% pred) 65 117 85.41 14.5
MMEF 50 (% pred) 66.6 125 88.99 17.37
R5 [kPal,s] 97.9 145.8 125.41 13.61
R20 [kPal,s] 86.4 140 115.86 14.52
X5 [kPal,s] 3214 1888.5 599.39 1067.12
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Figure 1 Comparison between spirometric measures in diagnosis
of airway resistance between COPD cases and control group.
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Figure 2 Comparison between IOS measures in diagnosis of
airway resistance between COPD cases and control group.
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[FEV1/FVC ratio, FVC (% predicted value), FEV1 (% predi-
cated value), MMEF50 (% predicted value), MMEF50 (%
predicted value)] and that of IOS parameters [R 5, R 20, X
5] in COPD patients are shown in Tables 3–8.Discussion
The chronic airflow limitation characteristic of COPD is
caused by a mixture of small airways disease (obstructive bron-
chiolitis) and parenchymal destruction (emphysema), the rela-
tive contributions of which vary from person to person.
Chronic inflammation causes structural changes and narrow-Please cite this article in press as: H.A. Youssef et al., Impulse oscillometry as an alter
tive pulmonary disease, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.10ing of the small airways. The extent of inflammation, fibrosis,
and luminal exudates in small airways is correlated with the
reduction in FEV1 and FEV1/FVC ratio, and probably with
the accelerated decline in FEV1 characteristic of COPD [1].
Pulmonary function tests are a group of laboratory tests
used for evaluating the respiratory functions of the respiratory
system to assess the physical fitness and working ability of
individuals. Spirometry is a physiological test that measures
how an individual inhales or exhales volumes of air as a func-
tion of time. The primary signal measured in spirometry may
be volume or flow. It is capable of measuring all lung volumes
and capacities except RV, FRC, and TLC [8].
Conventional methods of lung function testing provide mea-
surements obtained during specific respiratory actions of thenative modality to the conventional pulmonary function tests in chronic obstruc-
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Table 3 show sensitivity of spirometric lung measures among
COPD cases.
N = 80 No. of cases
with normal
(% pred. value)
No. of cases
with abnormal
(% pred. value)
Sensitivity
(%)
FVC (% pred) 19 61 76.25
FEV1 (% pred) 4 76 95
FEV1/FVC 0 80 100
MMEF (% pred) 5 75 93.75
MMEF 50
(% pred)
9 71 88.75
Table 4 Show sensitivity of I O S measures in COPD cases.
N = 80 No. of cases
with normal
IOS values
No. of cases
with abnormal
IOS values
Sensitivity
(%)
R 5 [kPal,s] 1 79 98.75
R 20 [KPal,s] 18 62 77.5
X 5 [KPal,s] 21 59 73.75
Table 5 Comparison between the sensitivity of FEV 1(% predicted
N= 80 No. of cases with normal values No. o
FEV 1 (% pred) 4 76
R 5 [KPal,s] 1 79
The table shows that there is highly statistically significant difference bet
Table 6 Comparison between the sensitivity of FEV 1 (% predicted
N= 80 No. of cases with normal values No.
FEV 1 (% pred) 4 76
R 20 [KPal,s] 18 62
The table shows that there is statistically significant difference between F
Table 7 Comparison between the sensitivity of FEV 1 (% predicte
N = 80 No. of cases with normal values No.
FEV 1 (% pred) 4 76
X 5 [KPal,s] 21 59
The table shows that there is statistically significant difference between F
Table 8 Comparison between the sensitivity of MMEF 50 (% pred
N= 80 No. of cases with normal values No
MMEF 50 (% pred) 9 71
R 5 [KPal,s] 1 79
R 20 [KPal,s] 18 62
X 5 [KPal,s] 21 59
The table shows that there is highly statistically significant difference betw
COPD cases.
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determines breathing mechanics by superimposing small external
pressure signals on the spontaneous breathing of the subject [9].
Impulse oscillometry is a noninvasive and effort-independent test
used to characterize the mechanical impedance of the respiratory
system. The clinical potential of the impulse oscillometry is being
rapid and demands only passive cooperation which makes it
especially appealing for children, for epidemiologic surveys and
for conditions in which quiet breathing instead of forced expira-
tory maneuvers is preferred [4].
This raised the interest to study the sensitivity of the
impulse oscillometry compared to spirometry in detection of
airway obstruction in chronic obstructive pulmonary disease
(COPD) patients.
Our results showed that the sensitivity of FVC (% pred.)
was 76.25%, sensitivity of FEV 1(% pred.) was 95%, sensitiv-
ity of FVC/FEV1 ratio was 100%, and sensitivity of MMEF
(% pred.) was 93.75% and sensitivity of MMEF 50 (% pred.)
was 88.75% in diagnosis of COPD cases. The sensitivity of the
IOS parameter R 5 was 98.75%, R 20 was 77.5% and X 5 is
73.75% among COPD cases.
A study conducted by Al-Mutairi et al. reported that the
sensitivity of spirometry in assessing COPD patients was) (spirometric measure) and R 5 (IOS measure) in COPD cases.
f cases with abnormal values Sensitivity P value
95 p < 0.001
98.75
ween FEV1 and R 5 in assessing airway resistance in COPD cases.
) (spirometric measure) and R 20 (IOS measure) in COPD cases.
of cases with abnormal values Sensitivity P value
95 0.027
77.5
EV1 and R 20 in assessing airway resistance in COPD cases.
d)(spirometric measure) and X 5 (IOS measure) in COPD cases.
of cases with abnormal values Sensitivity P value
95 0.044
73.75
EV1 and X 5 in assessing airway resistance in COPD cases.
icted)(spirometric measure) and (IOS measures) in COPD cases.
. of cases with abnormal values Sensitivity P value
88.75 p < 0.001
98.75
77.5
73.75
een MMEF 50 and IOS parameters in assessing airway resistance in
native modality to the conventional pulmonary function tests in chronic obstruc-
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Impulse oscillometry as an alternative modality to the conventional pulmonary function 547.4% and IOS was 38.95% when they used IOS as an alterna-
tive modality to the conventional pulmonary function test to
categorize obstructive pulmonary disorders and a total of
146 patients were included [7]. Although, their results were
much less than our present results, however; more recent stud-
ies show that the sensitivity of IOS for detecting chronic
obstructive pulmonary diseases in elderly patients was 78%
and 76% respectively [9,10].
Moreover, our results show that there was significant differ-
ence between IOS parameters (R5, R20 and X5) compared to
FEV1% predicted value of COPD patients. The R5 was the
most significant IOS parameter for assessing airway resistance
in COPD patients compared to R20 and X5.
This matched with the results reported by Jiang et al. (2008)
when they used impulse oscillometry for estimation of airway
obstruction. Spirometry and IOS measurements were per-
formed in 100 participants (male 72, female 28). The FEV
(1), FVC, FEV (1)/FVC, airway resistance at 5 Hz (R (5)), air-
way resistance at 20 Hz (R (20)), central resistance (Rc) and
peripheral resistance (Rp) of structural parameters interpreta-
tion graph, FEV (1) % pred, R (5) % pred, R (20) % pred, and
FEV (1)/FVC were analyzed. Correlations between spirometry
and IOS parameters were studied and the results showed that
IOS parameters can be used to evaluate airway obstruction.
Among IOS parameters, R5 was the most sensitive, which
was also significantly correlated with spirometric parameters
[11]. And this was also matched with several studies that stated
that the resistance values obtained by IOS at low frequency
(R5rs) were reproducible and correlated with spirometry and
plethysmography [12–14].
We found that R5 was more sensitive than MMEF 50%
predicted value, however the MMEF 50% predicted was more
sensitive than other IOS parameters R20 and X5.
However, patients with self-reported symptoms suggestive
of COPD have been shown to have reduced X5, irrespective
of whether they have normal or abnormal spirometry [15].
X5 is the only parameter that has been shown to correlate sig-
nificantly with decrements in FEV1 in patients with COPD
over time [16]. As the pulmonary mechanics caused by airflow
obstruction in COPD are better seen in reactance values than
resistance values, unlike in asthma where resistance values are
more impaired [15].
Finally, we also found that 5 of our control subjects with
normal spirometry showed air way resistance with IOS mea-
sures R5 and R 20 which was statistically significant. They
were programed for further follow up.
Conclusion
There was a high significant difference in the sensitivity
between impulse oscillometry and spirometry parameters in
diagnosis of airway obstruction in COPD patients. Also, the
R5 was the most significant IOS parameter for assessing air-
way resistance in COPD patients compared to R20 and X5.
IOS is an effective, easy to perform, and a non-invasive
method for the assessment of airway obstruction in obstructive
pulmonary disorders. The advantages of IOS in terms of its
noninvasiveness and lack of dependency on patient coopera-
tion could give it a possible role to diagnose and categorize
COPD airway obstruction and also assist clinicians in tracking
disease progression, evaluating risk of future disease exacerba-Please cite this article in press as: H.A. Youssef et al., Impulse oscillometry as an alter
tive pulmonary disease, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/10.10tions and guiding therapy which will help clinicians
tremendously.
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